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Description 

BACKGROUND AND SUIWMARY OF THE 
INVENTION 

The invention relates to a vacuum load lock com- 
prising a chamber and an extensible transfer arm. 
said transfer arm containing support elements such 
that a wafer of a predetermined diameter can be sup- 
ported by said transfer arm with edge contact only. 
Further it relates to a method for fabricating integrated 
circuits. 

One of the basic problems in integrated circuit 
manufacturing is particulates. This problem is becom- 
ing more and more difficult, because of two trends In 
integrated circuit processing: First, as device dimen- 
sions become smaller and smaller, it is necessary to 
avoid the presence of smaller and snr^ller particles. 
This malces the job of malting sure that a clean room 
is really dean increasingly difficult For example, a 
clean room which is of class 1 (has 35 particles per 
m3 (one particle per cubic foot)) for particles of 1 ^m 
(one micron) and larger may well be class 1000, or 
worse if particle sizes down to IO-2 ^m (100 ang- 
stroms) are counted. 

Second, there is increased desire to use large 
size integrated circuit patterns: for example, integrat- 
ed circuit sizes larger than 32 mm^ (50.000 square 
mils) are much more commonly used now than they 
were fwe years ago. 

Thus, particulates are not only an extremely im- 
portant source of loss in integrated circuit manufac- 
turing, but their importance will increase very rapidly 
in the coming years. Thus, it is an object of the present 
invention to provide generally applicable methods for 
fabricating integrated circuits which reduce the sen- 
sitivity of the process to particulate contamination. 

One of the major sources of particulate contam- 
ination is human-generated, including both the partic- 
les which are released by human bodies and the par- 
ticles which are stinred up by equipment operators 
moving around inside a semiconductor processing fa- 
cility (front end). To reduce this, a general trend in the 
industry for several years has been to make more use 
of automatic transfer operations, wherein a techni- 
cian can. for example, place a cassette of wafers into 
a machine, and then the machine automatically trans- 
fers the wafers, one by one. from the cassette 
through the machine (to effect the processing steps 
necessary) and back to the cassette, without the 
technician's having to touch the wafers. 

However, the efforts in this direction have served 
to highlight the importance of a second crucial source 
of particulates, which is particulates generated inter- 
nally by the wafers and/or transfer mechanism. That 
is, when the surface of the wafer jostles slightly 
against any other hard surface, some particulates (of 
silicon, silicon dioxide, or other materials) are likely to 



be released. The density of particulates inside a con- 
ventional wafer carrier is typically quite high, due to 
this source of particulates. Moreover, many of the pri- 
or art mechanisms forwafertransportwill themselves 
5 generate substantial quantities of particulates. 

The current state of the art wafer loading mech- 
anisms used in the semiconductor industry consist 
primarily of three basic types: belt driven wafer trans- 
port, air track driven wafer transport, and arm driven 
10 wafer transport (using either vacuum coupling or 
nesting to hold the bottom or the edge of the wafer). 
However, all of these types of systems typically use 
face up wafer movement into and out of the carrier, 
vertical movement of the wafer carrier during the 
15 loading and unloading operations, wafer transfer un- 
der pressures ranging from atmospheric to low va- 
cuum, and a requirement that wafers be unloaded in 
the reverse order of loading. The prior art methods ac- 
cordingly have a number of important disadvantages, 
20 as follov^: 

First, wafers which are transported face up are 
more likely to catch particles generated by particle 
generation mechanisms inside the wafer carrier or in- 
side the wafer loader unit 
25 Second, vertical movement of the wafer earner 
during the loading and unloading operation creates 
many particles, due to rattling of the wafers in the car- 
rier. These particles can fall directly onto the active 
face of adjacent wafers resting face up in the carrier. 
30 Third, belt mechanisms will typically scrub the 
bottom of the wafer during loading and unloading op- 
erations, again creating many particulates due to 
abrasion. 

Fourth, air track transport will stir many particu- 
35 lates around by air currents, and many of these par- 
ticulates can come to rest on the active face of the wa- 
fer. 

Fifth, the drive mechanisms of many loader mod- 
ules are housed within the same area as the open wa- 

40 fer carrier will be, in dose proximity to the wafers be- 
ing processed. This has great potential for gross 
amounts of contamination. 

Sixth, the mass of the carrier wafer combination 
changes as the wafers are loaded and unloaded and 

45 this can affect the reliability and positioning of the wa- 
fer carrier vertical drive, particularly vi^ere large wa- 
fers (such as 150 millimeters or larger) are being han- 
dled. 

Seventh, two loading modules are typically used 
so for each processing station, so that one cassette is 
typically progressively loaded, and the wafers from 
this cassette which have been processed are loaded 
into a second cassette. 

Eighth, loss of equipment utilization efficiency 
55 occurs every time a new cassette of wafers is loaded 
into or out of each processing station, since the ma- 
chine must be idled while the cassette is removed. 

The present invention provides advantageous 
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solutions to all of the above problems, and achieves 
greatly improved low particulate wafer handling and 
loading operations. 

One key advantage of the present invention is 
that wafers can be transported, loaded and unloaded s 
without ever seeing atmospheric or even low vacuum 
conditions. This is extremely useful because, at pres- 
sures of less than about 1.3 mPa (10 to the -5 Ton-), 
there will not be enough Brownian motion to support 
particulates of sizes larger than about 10 nm, and io 
these particulates will fall out of this low-pressure at- 
mosphere relatively rapidly. 

Figure 2 shows the time required for particles of 
different sizes to fall one meter under atmospheric 
pressure. Note that, at a pressure of 1.3 mPa (lO-s is 
Jon) or less, even 10 nm particles will fall one meter 
per second, and larger particles will fall faster. (Large 
particles will simply fall ballistically. at the accelera- 
tion of gravity.) Thus, an atmosphere with a pressure 
below 1.3 mPa (10-s Torr) means that particles ten 20 
nanometers or larger can only be transported ballis- 
tically, and are not likely to be transported onto the 
critical wafer surface by random air currents or 
Brownian drift. 

The relevance of this curve to the present inven- 25 
tion is that the present invention is the first to provide 
a way to transport wafers from one processing station 
to another, including loading and unloading steps, 
without ever exposing them to higher pressures than 
1.3 mPa (10-6 Torr) This means that the wafers are 30 
NEVER exposed to airborne particulates, from the 
time they are loaded into the first vacuum processing 
station (which might well be a scrubbing and pump- 
down station) until the time when processing has 
been completed, except where the processing step it- 35 
self requires higher pressures (e.g. in conventional 
photolithography, stations or for wet processing 
steps). This means that the total possibilities for par- 
ticulate collection on the wafers are vastly reduced. 

A load lock arrangement is shown in document 40 
EP-A- 0152 555. In this anrangement a wafer is intro- 
duced Into a transfer chamber, which is closed and 
then evacuated, before the wafer is transferred to the 
processing chamber. The arrangement of the present 
Invention by contrast has an openable lid through 4S 
which a wafer carrier can be placed inside the load 
lock and a transfer arm which is adjustable in height. 
The transfer arm is constructed to be elevatable so 
that all the wafers from the carrier can be transferred 
to a processing chamber and back to the carrier with- so 
out pressurlzation of the transfer chamber. 

A key element of this advantage is that the pres- 
ent invention provides a method and apparatus for 
loading and unloading a vacuum carrier under hard 
vacuum. ^ 

The present invention provides a vacuum load 
lock comprising a vacuum chamber and an extensible 
transfer arm, said transfer arm containing support 



elements such that a wafer of a predetennined diam- 
eter can be supported by said supported by said 
transfer ami with edge contact only, characterized in 
that said chamber has a vacuum sealable lid. there 
being space within said vacuum chamber where a wa- 
fer carrier having a door and containing wafers of said 
predetennined diameter can be placed, in that a 
means for opening and closing said door of said wafer 
carrier while said vacuum chamber is under vacuum 
is provided, and in that said transfer arm is elevatable. 

The invention furthermore provides an integrated 
circuit processing station as set out in Claim 13 and 
a method of fabricating integrated circuits as set out 
in Claim 15. 

A particular advantage of the preferred embodi- 
ments of the present invention is that the mechanical 
apparatus preferably used for wafer transfer is ex- 
tremely compact That is, by providing a transfer arm 
pivoted on an arm support, with gearing or a chain, 
drive inside the arm support so that the rotation of the 
arm support causes twice as much rotation of the 
transfer arm with respect to the arm support, a com- 
pact apparatus Is provided which can rest in the home 
position and require no nrare clearance than the 
length of the arm support in one direction, but can be 
extended, by a simple rotary shaft motion, but to the 
length of the arm support plus the length of the trans- 
fer arm in either of two directions. 

A further advantage of the preferred embodi- 
ments of the present invention is that the motors used 
to extend the transfer arm and to change its elevation 
are both held inside an exhaust manifold, so that par- 
ticles generated by these moving mechanical ele- 
ments do not tend to reach the Interior of the load lock 
chamber vifhere wafers are exposed. 

A further advantage of the invention is that a 
transfer arm is provided which can handle wafers face 
down with minimal damage to device areas caused by 
contact with the transfer arm. 

A further advantage of the present inventton is 
that the present Invention provides a wafer transfer 
apparatus which can handle wafers with minimum 
generation of particulates caused by the handling op- 
eration. 

A further advantage of the present invention is 
that the present invention provides a transfer appara- 
tus which can handle wafers with essentially no gen- 
eration of particulates due to abrasion, since essen- 
tially no sliding contacts are made. 

Another advantage of the wafer transport mech- 
anism of the present invention is that control is sim- 
plified. That is. the transfer arm preferably used has 
only two degrees of freedom, and position registra- 
tion is provided so that the transfer amn control can 
be provided very simply (by use of stepper motors or 
comparable apparatus), without the need for sensors 
to detect the position of or forces on the arm. 

A related advantage of the wafer transport mech- 
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anism of the present Invention is that it Is a stable 
mechanical system. That is, small errors in position- 
ing do not accumulate, but are clamped out by inher- 
ent negative feedback provided by some of the mech- 
anical elements used. This also facilitates the advan- 
tage of simple control. 

A further advantage of the present invention is 
that the wafer handling equipment used in the load 
lock takes up minimum volume. Since the load lock is 
of such small volume, vacuum cycling can be per- 
formed rapidly without requiring very expensive large 
vacuum pumps. 

An even more important consequence of the vol- 
ume efficiency of wafer transport according to the 
present invention is that the upper portion of the load 
lock (wherein the defect-sensitive surfaces of wafers 
being transferred will be exposed) will therefore have 
a small surface area. It is desirable to have as little 
surface area as possible within line-of-sight of the wa- 
fer surface, and it is also desirable to have as little 
surface area as possible in close proximity to the wa- 
fer surface, whether it is within line-of-sight or not. All 
surface area in the upper part of the load lock (i.e. the 
part above the exhaust manifold) presents two haz- 
ards: first, all surface area will desorb gasses, so that 
the more surface area is in the upper chamber the 
more difficult it will be to pull a hard vacuum. Second 
and more important, all surface area has the potential 
to hold adherent particulates, which can later be ex- • 
pelled by mechanical vibration or shock to fly ballisti- 
cally onto the wafer surface, even under high va- 
cuum. Thus, the volumetric efficiency of the load lock 
according to the present invention means that the po- 
tential for ballistic transport of particulates onto the 
wafer surface is reduced. 

Another advantage resulting from the compact- 
ness of the wafer handling equipment in a load lock 
according to the present invention is that clean room 
floor space (which is very expensh^e) Is not exces- 
sively consumed by such an apparatus. 

Another advantage of the wafer carrier described 
in the present patent application is that this wafer car- 
rier cannot inadvertently be opened outside a dean 
room. A substantial yield problem in conventional 
clean room processing is inadvertent or careless ex- 
posure of wafers to particulates by opening the wafer 
earner outside the dean room environment However, 
with the wafer carrier of the present invention this is 
inherently impossible, since the pressure differential 
on the door of the carrier holds it firmly shut except 
when the carrier Is in vacuum. This is another reason 
why the present invention.is advantageous in permit- 
ting easy transport and storage of wafers outside a 
clean room environment 

The present invention preferably uses a novel va- 
cuum-tight wafer carrier, wherein particulate genera- 
tion during transport is reduced in several ways. First, 
the door of the vacuum carrier contains elastic ele- 



ments to press the wafers lightly against the back of 
the carrier box. Thus, when the door of the box is 
dosed, the wafers are restrained from rattling 
around, which reduces the internal generation of par- 
5 ticulates. Second, the wafers are supported at each 
side by a slightly sloping shelf, so that minimal con- 
tact (line contact) is made between the wafer surface 
and the surface of the shelf. This reduces generation 
of particulates by abrasion of the surface of the wafer. 
10 The present invention not only reduces genera- 
tion of particulates in the carrier during transport and 
storage, but also advantageously reduces transport 
of particulates to the wafer face during transport and 
storage, by carrying the wafers face down, under a 
15 high vacuum. The prior art is not know to address this 
problem at all. 

In a further dass of embodiments of the present 
invention, a process module (which may optionally 
contain one process station or more than one process 
20 station) has more than one load lock according to the 
present invention attached to it Thus, processing can 
continue on wafers transferred in from one load lock 
while the other load lock is being reloaded. Moreover, 
the provision of two transfer mechanisms means that. 
25 if a mechanical problem occurs with one transfer ap- 
paratus inside its load lock, the processing station 
can continue in production, using transfer through the 
other load lock, while a technidan is summoned to 
correct the mechanical malfunction. Thus, this dass 
30 Of embodiments has the advantage of greater 
throughput 

In a further dass of embodiments of the present 
Invention, a process module which contains more 
than one sealable process station incorporates a load 

35 lock as described, together with wafer handling equip- 
ment inside the process module to transfer wafers re- 
ceived from the load lock wafer handling equipment 
to any selected one of the process stations. This has 
the advantage that high lot throughput can be ach- 

40 ieved while using single-slice processing techniques 
and low^particulate high-vacuum handling. 

The foregoing arrangement can be used with a 
great variety of processing modules. However, one 
particular embodiment, which not only exemplifies 

45 generally applicable features of such modules (and 
the advantages derived therefrom) but also contains 
numerous specific innovative plasma reactor fea- 
tures (which are also applicable to reactors using 
more conventional wafer transport, but are particular- 

50 ly advantageous for use with this load lock and wafer 
transfer arrangement) will be discussed in detail. This 
sample embodiment is a plasma etching station. 

BRIEF DESCRIPTION OF THE DRAWINGS 

55 

The present Invention will be described with ref- 
erence to the accompanying drawings, wherein: 
Figure 1 shows a sample embodiment of a va- 
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cuum load lock according to the present Inven- 
tion, with a wafer carrier according to the present 
invention shown therein in the process of loading 
and unloading: 

Figure 2 shows a graph of the time required to fall 
through air at various pressures for various par- 
ticulate sizes: 

Figure 3 shows a sample wafer transfer struc- 
ture, in a processing station, wherein the wafer is 
placed onto three pins by the transfer am 28 
reaching through the port 30 from the adjacent 
load lock 12: 

Figure 4 shows a closer view of a sample embodi- 
ment of the wafer carrier 10, docked onto the plat- 
form 18 Inside the load lock 12 to provide mech- 
anical registration of the position of the wafers: 
Figure 5 shows a plan view of a sample process- 
ing module, containing four process stations and 
two wafer transfer stages, and a load lock adja- 
cent to each of the wafer transfer stages: 
Figure 6 shows a sample configuration for a proc- 
essing module, which can be used as one of the 
processing nrwdules inside the processing station 
shown in Figure 5: 

Figure 7 shows the plasma reactor of figure 6 in 
the closed position, as it would be during the ac- 
tual etch process; and 

Figure 8 shows a plan view of the reactor of Fig- 
ure 6. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

The present invention provides major new con- 
cepts in semiconductor processing apparatus. The 
presently preferred embodiments will now be dis- 
cussed In great detail, but it must be appreciated that 
the novel concepts which are Included In these em- 
bodiments could also be used in many other embodi- 
ments, and the scope of the invention Is not delimited 
by the particular examples shown. 

Figure 1 shows a sample embodiment of the in- 
vention. This embodiment shows a wafer carrier 10 
inside a vacuum load lock chamber 1 2. The wafer car- 
rier 10 is also shown, in slightly greater detail, in Fig- 
ure 4. 

The carrier 10 is shown with its door 14 standing 
open. The door 14 preferably has a vacuum seal 13 
where it mates with the body of the carrier 10, so that 
the wafer canier can be carried around under atmos- 
pheric pressure for at least several days (preferably at 
least several tens of days) without enough leakage to 
raise the internal pressure at)ove 1.3 mPa (10-^Torr) 

The wafer carrier. 10 is adapted to dock with a 
platform 1 8 (which is only partially visible in Figure 1 , 
but is shown in more detail in Figure 4), so that, when 
a technician places a wafer carrier 10 inside the load 
lock 12, the position of the carrier 10 will be accurately 



known. In the presently preferred embodiment, the 
wafer canier 10 has ears 16 which engage vertical 
slots 1 7 fixed to the position registration platform 1 8, 
so that the technician can slide the carrier into these 

5 slots until it rests on the platform 1 8, and thereby as- 
sure that the position of the carrier 10 is definitely 
known. In the presently preferred embodiment, the 
platform 18 includes two tapered pins 21 (one conical 
and one wedge-shaped) positioned to engage ta- 

10 pared holes 23 In the underside of the wafer carrier 
1 0, but a wide variety of other arrangements could be 
used to assure mechanical registration, as will be ob- 
vious to any ordinarily skilled mechanical engineer. 
The carrier 1 0 preferably has a safety catch 1 5 on 

15 it.which secures the door 14 from falling open. How- 
ever, under normal conditions of transport, this safety 
catch is not needed, since atmospheric pressure 
holds the door 14 shut against the internal vacuum of 
the carrier. When the carrier 10 is placed inside the 

20 load lock 12, a fixed finger 19 will push against the 
safety catch 15 to release it, so that the door 14 can 
be opened. 

When the carrier 10 is docked with the platform 
18, the door 14 will also be engaged with the door 

25 opening shaft 24. Preferably the door 14 has a shal- 
low groove In its underside, which mates with a finger 
and arm 25 on the top of the door opening shaft 24. 
Thus, after the load lock has been pumped down so 
that differential pressure no longer holds the door 14 

30 closed, the door can be opened by door open ing shaft 
24. 

After the technician has placed the wafer carrier 
1 0 In the vacuum load lock 12 and closed the load lock 
lid 20. a high pressure purge (with dry nitrogen or 

35 other clean gas) is preferably applied through mani- 
fold 22 inside load lock lid 20. This high pressure 
purge provides vertical flow, to tend to transport par- 
ticles downward, and also helps to blow off some of 
the large particles which will have collected on the 

40 wafer carrier 10 during its exposure to atmospheric 
conditions. After this initial purge stage (e.g. for 30 
seconds or more), the chamber Is then slowly pumped 
down to 13.3 mPa (10-* Torr) or less. This pump down 
stage is preferably relatively slow, in order not to stir 

45 up random particulates. That is, while low pressures 
do permit particles to fall from the air, those particles 
will still be available on the bottom of the chamber, 
and must not be stirred up if this can be avoided. 
In order to make sure that the airborne particu- 

50 iates have actually fallen out of the chamber air, the 
interior of the vacuum load lock will then preferably be 
allowed to stay at 13.3 mPa or 1.3 mPa(10-^ or 10-5 
Torr) for a few seconds, to make sure that all of the 
particles which are able to fall out of the air will do so. 

55 It may also be advantageous, as an optional 
modified embodiment of the invention, to use a slop- 
ed bottom and/or polished sidewalls for the load lock, 
to reduce the population of particulates sticking to the 
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sidewalls and bottom which can be sent flying by 
mechanical vibration. The present invention greatly 
reduces the problems of airborne particulates, which 
has always been the dominant type of particulate 
transport, so that the problem of ballistically trans- 
ported particulates can now be usefully addressed. A 
related optional modification is the use of an insitu va- 
cuum particle counter in the upper chamber, so that 
any increase in particle population in the critical vol- 
ume can be detected. Such an in-situ particle counter 
can be built using a resonant circuit to measure 
charge transfer in a high-voltage vacuunrv-gap capac- 
itor, or (for particles sufficiently large) by using a las- 
er-driven optical cavity with a multiply-folded optical 
path, or by other means. 

Optionally, this particulate sensor (or a second 
particulate sensor which is better adapted to sensing 
particulates at higher pressures) can be used to con- 
trol the nitrogen shower prior to initial pumpdown. 
That is. instead of doing the nitrogen shower simply 
for a f bced duration, it may be protracted if the partic- 
ulate monitor shows that the box was in an unusually 
dirty environment It may even be desirable to pump 
the load lock down to a soft vacuum (using the rough- 
ing pump) and then bleed gas through the nitrogen 
shower ports, to create a downward flow. It may also 
be desirable to cycle the load lock from a soft vacuum 
(e.g. 13.3 Pa (100 miiliTorr) or so) up to atmospheric 
again by Initiating another nitrogen shower cycle, if 
the particulate monitor indicates that that particulate 
level is still excessive at the time the load lock has 
reached a given soft vacuum pressure. 

Note that vacuum gauges 62 are preferably con- 
nected to the interior of the load lock chamber. Pre- 
ferably the sensors 62 include a high-pressure gauge 
(such as a thermocouple), a low pressure gauge 
(such as an ionization gauge), and a differential sen- 
sor which accurately senses when the load lock inter- 
ior pressure has been equalized with the atmosphere. 
Thus, the door of a carrier 1 0 is not opened until these 
gauges indicate that a good vacuum has been ach- 
ieved inside the load lock. 

After a roughing pump (not shown) has brought 
the chamber down to a soft vacuum, the gate valve 
39 can be opened to connect the turbomolecular 
pump 38 to the Interior of the load lock, and the tur- 
bomolecular pump 38 can then be operated to bring 
the pressure down to 1.3 mPa (10-^ Torr) or less. 

At this point, the pressures inside the wafer car- 
rier 10 and the vacuum load lock 12 are more or less 
equalized, and the door 14 can be activated by oper- 
ating motor 26, which is connected to door opening 
shaft 24 through vacuum feedthrough 25. 

Preferably two sensor switches are also included 
inside vacuum load lock 12, to ascertain when door 14 
is in its fully opened position, and when door 14 is 
fully shut Thus, after the load lock 1 2 has been pump- 
ed down and allowed to sit for a few seconds, door 



opening shaft 24 is rotated to open the door 14, until 
the sensor detects that the door Is fully open. During 
this time, the transfer arm 28 Is preferably kept in its 
home position at an elevation below the bottom of the 

5 door, so that the door 14 has clearance to open. After 
the sensor detects that the door 14 is fully open, the 
transfer arm can begin to operate. 

The transfer arm 28 preferably has two degrees 
of freedom. One direction of motion permits the 

•10 transfer arm 28 to reach into carrier 1 0 or through port 
30 into the adjacent processing chamber. The other 
degree of freedom corresponds to vertical motion of 
the transfer arm 28, which permits selection of which 
wafer inside the carrier 1 0 is to be removed, or which 

IS slot a wafer is to be placed into. 

In the presently preferred embodiment, an eleva- 
tor drive motor 32 is used to control the elevation of 
the transfer anm 28, and arm drive motor 34 controls 
the extension and retraction of the transfer arm 28. 

20 Note that both of these motors, In the presently pre- 
ferred embodiment, do not require vacuum feed- 
through, but are housed inside the exhaust manifold 
36 which leads from the load lock 12 to the vacuum 
pump 38, which may be,, for example, a turbomolec- 

25 ular pump. Moreover, the exhaust manifold 36 does 
not open directly into the load lock chamber 12, but 
instead has apertures 40 around its top. That is, the 
exhaust manifold 36 is preferably configured so that 
there is not any line of sight path from the drive motors 

30 32 or 34 orf rom the pump 38 into the load lock cham- 
ber. This helps to reduce ballistic transport of partic- 
ulates from these moving elements into the load lock 
chamber. 

The elevator drive motor 32 Is preferably connect- 
as ed to drh^e a sub-platform 42 up and down, and the 
annn drive motor 34 is preferably mounted on this plat- 
form 42. 

In the presently preferred embodiment, a linkage 
is used inside the rotatable transfer arm support 44, 
40 to permit the transfer arm 28 to move very compactly. 
The transfer arm support 44 Is preferably connected 
to a rotating rod which is driven by the arm drive motor 
34, but the amn support 44 is preferably mounted on 
a tubular support 46 which does not rotate. An internal 
45 chain and sprocket linkage is preferably used so that 
the joint between arm support 44 and transfer arm 28 
moves with twice the angular velocity of the joint be- 
tween arm support 44 and tubular support 46. (Of 
course, many other mechanical linkages could alter- 
so natively be used to accomplish this.) This means that, 
when the arm support 44 is In its home position, a 
supported wafer 48 will be approximately above the 
tubular support 46, but when the arm support 44 is ro- 
tated 90 degrees with respect to the tubular support 
55 46, the transfer arm 28 will have been rotated 1 80 de- 
grees with respect to the anm support 44. so the trans- 
fer anm can either extend straight into the wafer car- 
rier 1 0 or else straight through the port 30 Into the ad- 

6 
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jacent processing chamber. This linkage is described 
in greater detail in U.S. patent application number 
664.448, filed 24.10.84 (TM0841, now US-A-4 659 
413), which is hereby incorporated by reference. 

The transfer arm 28 preferably is a thin piece of 5 
spring steel, e^g. 0.76 mm(0.030 inch) thick. The 
transfer arm has 3 pins 50 on it to support the wafer. 
Each pin 50 preferably Includes a small cone 52 on a 
small shoulder 54. The cone 52 and shoulder 54 are 
preferably made of a material which Is soft enough to io 
not scratch silicon. In the presently preferred embodi- 
ment, these portions (which are the only portions of 
transfer arm 28 which will actually touch the wafers 
being transported) are preferably made of a high- 
temperature plastic (i.e. a plastic with a relatively low 15 
propensity to outgas under vacuum) such as Ardel 
(trademark) (a thermoplastic phenyl acryiate, made 
by Union Carbide) or Delrin (trademark). Note that the 
use of cones 52 at the center of the locating pins 50 
permits very slight misalignments of the wafer to the 20 
transfer arm 28 to be corrected: in other words the 
system of wafer transport according to the present in- 
vention is a stable mechanical system, wherein small 
misalignments during successive operations wilt not 
accumulate, but will be damped out 25 

Note that, in the positioning of the wafer 48 as 
shown, one of the three pins 50 rests against the flat 
portion 56 of the wafer's circumference. This means 
that, in this embodiment, the three pins 50 on the 
transfer ami 28 do not define a circle of the same dh 30 
ameter as the diameter of the wafers 48 to be han- 
dled. 

To assure that the wafer flats 56 do not interfere 
with accurate handling of the wafers, the box 10 pre- 
ferably has a flat surface on its Intertor back side 35 
which the flats 56 of the wafers 48 will rest against. 
A spring compression element on the inside surface 
of the door 1 4 pushes each wafer against this flat sur- 
face when the door 1 4 Is closed, so that the wafers do 
not rattle around in transit This also assures that, 40 
when the door 14 is opened, the location of the flat 56 
on each wafer 48 is accurately known. 

Thus, after the box 10 is in the chamber 12 with 
its door 14 open, elevator drive motor 32 is operated 
to bring the transfer arm 28 to just below the height 45 
of the first wafer which It is desired to remove, and 
ann drive motor 34 is then operated to extend the 
transfer arm 28 into the interior of the box 10. By op- 
erating the elevator drive motor 32 briefly, the transfer 
arm 28 is then raised, in this position, until the three so 
pins 50 around its circumference lift the desired wafer 
off of the ledges 60 on which it has been resting inside 
the carrier box 10. 

Note that the ledges 60 preferably have tapered 
surfaces rather than flat surfaces, so that contact be- 55 
tween the ledges 60 and the wafer 48 resting on them 
is a line contact rather than an area contact, and is 
limited to the edge of the wafer. That is. In prior art wa- 



fer carriers area contact may be made over a substan- 
tial area, of many square millimeters, but the "line 
contact" used in the present invention makes contact 
only over a much smaller area, typically of a few 
square millimeters or less. An alternative definition of 
the "line contact" used in this embodiment of the in- 
vention is that the wafer support contacts the surface 
of the wafer only at points which are less than one mil- 
limeter from Its edge. 

Thus, by raising the transfer arm 28, the desired 
wafer 48 will be picked up, and will be resting on the 
cones 52 or shoulders 54 of the three pins 50 on the 
transfer arm 28. 

In the presently preferred embodiment, the ledg- 
es 60 have a center-to-center spacing of 4.75 mm 
(.187 inches) inside the box. This center spacing, less 
the thickness of the wafers, must allow clearance 
enough for the height of the transfer arm 28 plus the 
pins 50, but need not be much more. For example, in 
the presently preferred embodiment, the transfer arm 
is about 2 mm (0.080 inch) thick, including the height 
of the cones 52 on the transfer pins 50. The wafers 
themselves will be about 0.53 mm (0.021 inch) thick 
(for the presently preferred embodiment wherein 10 
cm (4 Inch) wafers are used) so that about 2.16 mm 
(0.085 inch) clearance is available. Of course, larger 
diameter wafers will have greater thicknesses, but 
the present invention is eminently suited to such larg- 
er diameter wafers, since the size of the box 10 and 
the center spacing of the ledges 16 inside the box 10 . 
can simply be scaled appropriately. 

Thus, after the transfer arm 28 has picked up a 
desired wafer 48, the anm drive motor 34 is operated 
to bring the transfer arm 28 to the home position. 

The elevator drive motor 32 is then operated to 
bring the transfer arm 28 to a height where it can 
reach through the port 30. 

Port 30 is preferably covered by an isolation gate 
31 like the gate 31 shown in Figure 3: the gate 31 pre- 
ferably seals the port 30 without making sliding con- 
tact (Again, the absence of sIkJing contact is advan- 
tageous to reduce Internally generated particulates.) 

In the present embodiment, the isolation gate 31 
over port 30 is preferably operated by an air cylinder, 
but a stepper motor may be used instead. Thus, a total 
of four motors are used: two which use vacuum feed- 
throughs, and two which are preferably contained in- 
side the exhaust manifold 36. 

The arm drive motor is now operated again, to ex- 
tend the transfer arm 28 through port 30 into the ad- 
jacent processing chamber. 

The adjacent processing chamber may be any 
one of many different kinds of processing stations. 
For example, this station may be an implanter, a plas- 
ma etch, or a deposition station. 

In the presently preferred embodiment, the trans- 
fer anm reaching through the port 30 will place the wa- 
fer 48 on three pins 50, as shown in Figure 3, like 
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those used in the transfer arm itself. (Note that the 
port 30 preferably has enough vertical height to per- 
mit some vertical travel while the arm 28 Is extended 
through port 30, so that arm 28 can move vertically to 
lifta wafer from or deposit a wafer onto pins 50 inside 5 
the processing chamber.) 

Alternatively, the processing chamber may In- 
clude a fixture having spaced sloped ledges like the 
ledges 16 inside the transfer box, or nr^y have other 
mechanical arrangements to receive the wafer. How- io 
ever, in any case, the arrangement used to receive 
the transferred wafer must have clearance on the un- 
derside of the wafer (at least at the time of transfer), 
so that the transfer arm 28 can reach In on the under- 
side of the wafer to emplace or remove it. If pins 50 is 
are used to receive the transferred wafer, it may be 
desirable to provide a bellows motion or a vacuum 
feedthrough in order to provide vertical motion of the 
wafer support pins inside the processing chamber. 
Thus, for example, where the processing chaml>er is 20 
a plasma etch or RIE (reactive ion etch) station, a 
feedthrough may be provided to position the wafer 48 
onto a susceptor after the transfer ami 28 has been 
withdrawn out of the way of the wafer. 

Of course, the processing chamber may be an 25 
engineering Inspection station. Avacuum-isolated mi- 
croscope objective lens will permit inspection of wa- 
fers in vacuum and (using an appropriately folded opt- 
ical path) in a face-down position. This means that 
heavy use of engineer inspection can be made where 30 
appropriate, without the loss of engineer time and 
clean-room quality which can be caused by heavy 
traffic through a dean-room. 

In any case, the transfer anm 28 is preferably 
withdrawn, and the isolation gate over port 30 closed, 35 
while processing proceeds. After processing is finish- 
ed, the isolation gate over port 30 is opened again, the 
arm 28 is extended again, the elevator drive motor 32 
is operated briefly so that the anm 28 picks up the wa- 
fer 48, and the arm drive motor 34 is again operated 40 
to bring the transfer arm 28 back into the home pos- 
ition. The elevator drive motor 32 is then operated to 
bring the transfer arm 28 to the correct height to align 
the wafer 48 with the desired slot inside the wafer car- 
rier. The arm drive motor 34 is then operated to extend 45 
the transfer arm 28 into the wafer carrier 10, so that 
the wafer 48 which has just been processed is sitting 
above its pair of ledges 60. The elevator drive motor 
32 is then briefly operated to lower the transfer arm 
28, so that the wafer is resting on its own ledges 60, 50 
and the arm drive motor 34 is then operated to retract 
the transfer anm 28 to home position. The sequence 
of steps described above is then repeated, and the 
transfer arm 28 selects another wafer for processing. 

Note that, with the mechanical linkage of the 55 
transfer am 28 and arm support 44 described above, 
the wafers being transferred will move in exactly a 
straight line if the center to center lengths of transfer 



826 B1 14 

arm 28 and arm support 34 are equal. This is advan- 
tageous because it means that the side of the wafer 
being transferred wilt not bump or scrape against the 
sides of the box 10 when the wafer is being pulled out 
of or pushed into the box. That is, the clearances of 
the wafer carrier box can be relatively small (which 
helps to reduce particulate generation by rattling of 
the wafers during transport in the carrier) without risk- 
ing particulate generation due to abrasion of the wa- 
fers against the metal box sides. 

Processing continues in this fashion, wafer by 
wafer, until all the wafers inside the carrier 10 (or at 
least as many of them as desired) have been process- 
ed. At that point the transfer arm 28 is returned empty 
to it^home position and lowered below the lower 
edge of the door 14, and the isolation gate over port 
30 is closed. The door opening shaft 24 is now rotated 
to dose door 14. and provide initial contact for the va- 
cuum seals between door 14 and the fiat front sur- 
face of carrier 10, so that the carrier is ready to be 
sealed (by pressure differential) as the pressure in- 
side the load lock is increased. The load lock 12 can 
now be pressurized again. When the differential sen- 
sor of the vacuum gauge 62 determines that the pres- 
sure has come up to atmospheric, the load lock lid 20 
can be opened and the wafer carrier 1 0 (which Is now 
sealed by differential pressure) can be manually re- 
moved. In the prefenred embodiment, a folding handle 
11 is provided on the top side of the earner, to assist 
in this manual removal without substantially increas- 
ing the volume required for the carrier inside the load 
lock. 

After the carrier has been removed, it can be car- 
ried around or stored as desired. The seals 13 will 
maintain a high vacuum in the carrier meanwhile, so 
that particulate transport to the waferjsurfaces (and 
also adsorption of vapor-phase contaminants) b 
minimized. 

Note that the wafer carrier also indudes elastic 
elements 27 mounted in its door. These elastic ele- 
ments exert light pressure against the wafers 48 
when the door 14 is closed, and thus restrain them 
from rattling around and generating particulates. The 
elastic element 27 is configured as a set of springs In 
the embodiment shown, but other mechanical struc- 
tures (e.g. a protruding bead of an elastic polymer) 
could alternatively be used to configure this. Where 
the wafers used have flats, a flat contact surface 29 
is preferably provided on the inner back surface of the 
wafer carrier box 10 for the slice flats to be pressed 
against. 

Note also that the ledges 60 on the sidewalls of 
the carrier box 10 are tapered. This helps to assure 
that contact with the supported surface of the wafer 
is made over a line only, ratherthan over any substan- 
tial area. This reduces wafer damage and particulate 
generation during transport. This also assists in 
damping out the accumulation of positioning errors. 
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as discussed. 

The load lock lid 20 preferably has a window In it, 
to permit operator Inspection of any possible nnechan- 
leal jams. 

An advantage of the present invention is that, in s 
the case of many possible mechanical malfunctions, 
the door of the wafer carrier 10 can be closed before 
attempts are made to correct the problem. For exam- 
ple, If somehow the transfer arm 28 picks up a wafer 
so that the wafer is not sitting properly on all three of io 
the pins 50. the door drive motor 26 can be operated 
to dose the door 14 before any attempts are made to 
correct the problem. Similarly, port 30 can be closed 
if the transfer arm 28 can be retracted into home pos- 
ition. It may be possible to correct some such mech- is 
anical misalignment problems simply by deviating 
from the normal control sequence. For example, the 
position of a wafer 48 on transfer arm 28 may in some 
cases be adjusted by partially extending the transfer 
anm 28, so that the edge of wafer 48 just touches the 20 
outside of door 14, or of the isolation gate over port 
30. If this does not work, the load lock 12 can be 
brought back up to atmospheric pressure (with the 
door 14 of wafer carrier 1 0 closed) and the load lock 
lid 20 opened so that the problem can be manually 25 
conrected. 

Note that all of the operations described above 
can be very easily controlled. That is, no servos or 
complex negative feed-back mechanisms are need- 
ed. All four of the motors described are simple stepper 30 
motors, so that multiple stations according to the 
present Invention can be controlled by a single micro- 
computer. The mechanical stability of the system as 
a whole - i.e. the inherent correction of minor position- 
ing errors provided by the tapered pins of the wafer 35 
supports, by the slope of the wafer support ledges in 
the wafer carrier, and by the flat on the backwalt of the 
wafer carrier- helps to prevent accumulation of minor 
errors, and facilitates easy control. 

This advantage of simple control is achieved in 40 
part because good control of mechanical registration 
is achieved. As noted, the docking of the carrier 10 
with platform 1 8 provides one element of mechanical 
registration, since the location of the platfomi 18 with 
respect to the transfer arm 28 can be accurately and 45 
permanently calibrated. Similarly, the wafer carriers 
10 do not need to be controlled on each dimension, 
but merely need to be controlled so that the location 
and orientation of the support shelves 60 are accu- 
rately known with respect to the bottom (or other por- so 
tion) of the box which mates with support platform 1 8. 
As described above, this is preferably accomplished 
by having channels which the wafer carrier slides into 
until it rests on the platform 18, but many other mech- 
anical arrangements could be used instead. 55 

Similarly, mechanical registration must be ach- 
ieved between the home position of the transfer arm 
28 and the support pins 50 (or other support conf ig> 



uration) which the wafer will be docked to inside the 
processing chamber. However, this mechanical regis- 
tration should be a simple one-time setup calibration. 

Note that angular positioning will be preserved by 
the box itself: as was noted, whenever the door 14 is 
closed, spring elements inside it will press the wafers 
48 against the flat on the interior back surfece of the 
box. 

Optionally, the wafer carrier 1 0 could be provided 
with a quick-connect vacuum fitting, to permit sepa- 
rate pumpdown on the carriers 10. However, in the 
presently prefenred embodiment this is omitted, since 
it is not necessary and since it simply provides an- 
other source of possible unreliability. 

Note that the load lock mechanism described 
need not be used solely with vacuum-tight wafer car- 
riers, although that is the most prefenred embodiment. 
This load lock can also be used with wafer carriers 
which canry atmospheric pressure inside. Although 
this is not the nnost preferred embodiment, it still car- 
ries substantial advantages, as is discussed above, 
over prior art load lock operations. 

It should be noted that a wafer carrier as descri- 
bed can be made in different sizes, to carry any de- 
sired number of wafers. Moreover, a wafer carrier ac- 
cording to the present invention can be used to carry 
or store any desired number of wafers, up to its max- 
imum. This provides additional flexibility in schedul- 
ing and process equipment logistics. 

Figure 5 shows a sample further alternative em- 
bodiment wherein two load locks, each containing a 
wafer carrier 10, are both connected to a process 
module 102 which contains four process stations 104. 
When the transfer arm 28 reaches through the port 30 
from a load lock 12 into the process module 102, it 
places Its wafer onto one of two wafer stages 106. 
These wafer stages 106, as discussed above, can be 
three pin supports or two ledge supports, or may 
have other mechanical configurations that would be 
obvious to those skilled in the art. as long as there is 
space underneath the supported wafer for the trans- 
fer arm 28 to lower free of the wafer and retract after 
it has placed the wafer on the supports. (It is prefer- 
able, however, that the wafer support used be such as 
to make line contact, rather than contact over any 
substantial area, to the under surface of the wafer.) 

Another transfer arm assembly 106 is provided 
inside the process module. This transfer arm assenrv 
bly is generally similar to the transfer arm assembly 
28, 44 and 46 used inside the load lock, but there are 
some differences. First, the transfer arm 28 used in- 
skie the load lock only needs to move wafers in a 
straight line. By contrast, the transfer anm assembly 
106 must also be able to move radially, to select any 
one of the process modules 104. Thus, an additional 
degree of freedom is needed. Second, the reach of 
the transfer arm assembly 106 need not be the same 
as the transfer arm assemblies (28,44,46) used in- 
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side the load lock, and in fact the reach of transfer arm 
1 06 is preferably larger, to permit adequate spacing of 
the process stations 104. Third, the arm assembly 
106 does not need as much travel in elevation as the 
transfer anns 28 used In the load locks. Fourth, in the 
configuration shown, the transfer arm 128 will not 
have one of its three pins 50 resting on a wafer flat, 
so that the diameter of the circle defined by pins 50 
is not the same for arms 28 and 1 28, even though they 
are handling wafers of the same diameter. 

The transfer arm assembly 106 is preferably es- 
sentially the same as the transfer arm assembly 
(28,44,46) used in the load lock, with these differenc- 
es. By making the tubular support 46 rotatable and 
providing a third motor to drive this rotation, a third de- 
gree of freedom for the transfer arm is provided. Sim- 
ilarly, the dimensions of the transfer arm can simply 
be scaled as desired. Thus, transfer arm assembly 
106 preferably includes a transfer arm 128 rotatably 
mounted on a transfer arm support 144. The transfer 
arm support 144 is pivotably mounted to a tubular 
support 146 (not shown), and an internal shaft, fixed 
to the transfer arm support 144, extends down 
through the tubular support 146. An Internal chain 
drive with two to one gearing translates any differen- 
tial rotation between tubular support 146 and arm 
support 144 into a further differential rotation (over 
twice as many degrees) between arm support 144 
and transfer arm 128. An arm drive motor, mounted 
below the transport assembly 1 06, is connected to ro- 
tate the shaft which is fixed to arm support 144. An 
arm rotation motor is connected to rotate the tubular 
support 146. Finally, an elevator mechanism provides 
vertical nration of the transfer arm assembly 106. 

Note that the vertical motion required of assem- 
bly 106 is not typically as much as that required of the 
transfer arms 28 in the load locks 1 2. since the trans- 
fer arm 128 will typically not need to select one of sev- 
eral vertically separated wafer positions like those in 
the wafer carrier 10. but will typically merely be used 
to pick and place, wafers from a number of possible 
wafer stations which are all on the same plane. Thus, 
optionally the vertical elevation of the transfer 128 
could be controlled by an air cylinder rather than by 
an elevator motor assembly as discussed above. 

Thus, by rotating tubular support 146 simultane- 
ously with the arm support 144, the transfer arm as- 
sembly 106 can be rotated without being extended. 
After the arm assembly 106 has been rotated to the 
desired position, the tubular support 146 can be held 
fixed while the arm support 144 is rotated, and this 
will cause the transfer arm 1 28 to extend as described 
above. 

Thus, after transfer amn 28 from one of the load 
locks 12 has placed a wafer to be processed on one 
of the wafer stages 106, the transfer arm assembly 
106 is rotated (if necessary), extended at a low posi- 
tion so that transfer arm 128 comes underneath the 



wafer, elevated so that transfer arm 128 picks up the 
wafer, and retracted to its home positran. The assenv 
bly 1 06 is then rotated again, and the transfer arm 1 28 
is extended, so that the wafer Is now located above a 
5 wafer support in one of the process stations 104. or 
above the other wafer stage 106. By lowering the arm 
assembly 106, the wafer can now be placed on the 
wafer support or wafer transfer stage, and the arm 
128 can now be retracted. 
10 The process station 104 can now be sealed off 
from the main process module 102. and separate sin- 
gle-wafer processing of the wafer can begin. Mean- 
while, the transfer arms 128 and 28 can perform 
other operations. When a wafer in a module 104 has 
15 completed processing, that process station 104 can 
then be pumped down to the same low pressure as 
the interior of process module 102, and process sta- 
tion 104 can be opened. The transfer arm assembly 
106 can now be operated to remove this wafer, and 
20 transfer it either to one of the wafer stages 106 or to 
another one of the process modules 104. 

One advantage of the present invention is that 
the process modules 104 can all be configured to do 
the same operation, which will permit wafer transport- 
25 limited throughput (even for fairly slow processing op- 
erations), if there Is a sufficient number of process 
stations 104 in the process module 102: or, alterna- 
tively, different operations can be used in different 
ones of the process stations 104. 
30 That is, the present invention permits the use of 
sequential processing, which is increasingly recog- 
nized as desirable, since processing variations 
caused by adsorbed contaminants or by native oxide 
are eliminated. For example, two of the process sta- 
35 tlons 1 04 can be configured for oxide growth, one for 
nitride deposition, and one for poly deposition, to per- 
mit complete in-situ fabrication of oxynitride poly-to- 
poly capacitors. Moreover, the provision of different 
process steps in the different stations 1 04 means that 
40 many lot splits and process variations can be per- 
formed simply by programming the appropriate oper- 
ations, without relying on technicians to correctly 
identify which wafers should go to which machines. 
Thus, the capability to have different operations pro- 
45 ceed in different ones of the process stations 1 04 pro- 
vides additional processing flexibility. 

Note also that the overall wafer transfer se- 
quence is completely arbitrary, and may be selected 
as desired. For example, the wafers from one wafer 
so carrier 10 could be completely processed and re- 
turned to that wafer earner 10, and the load lock 12 
containing the just-processed wafere could be sealed 
off from process module 1 02, so that the wafers in the 
other wafer carrier 10 in the other load lock 12 could 
55 be processed while a technician removed the carrier 
full of processed wafers from the other load lock 12. 
Alternatwely, the programmability and random ac- 
cess of this arrangement could be used to shuffle and 
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interchange wafers between the two carriers 10 in 
whatever fashion desired. 

It should also be noted that this arrangement is 
not at all limited to two load locks 12 nor to four proc- 
ess stations 104, but the arrangement described can 
be scaled to other numbers of process stations 1 04 in 
a module 102, or other numbers of toad locks 12 at- 
tached to a module 102, or to use of more than one 
transfer arm assembly 106 inside a module, if de- 
sired. 

Note that this arrangement still preserves wafer 
orientation. Assuming that wafers are carried in car- 
rier 10 with their flats toward the back of carrier 10, 
they will be placed on wafer stage 106 with their flats 
toward the center of module 102. Transfer arm 106 
will preserve this orientation, so that, when flats are 
replaced in eitherwafer carrier 10. they will have their 
flats toward the back of the box. 

Figure 6 shows a sample process station 104, 
which can be used in a structure such as shown in 
Figure 5. 

Figure 6 shows a single slice reactor which can be 
used for reactive ion etching or for plasma etching. As 
discussed above, the transfer arm 128 places a wafer 
onto tapered Ardel pins 50, and then retracts. At this 
point the whole lower assembly, including the cham- 
ber 112, ground electrode 110, gas distributor 120, 
base plate 138. and top plate 114 are moved upward, 
using, e.g.. an air cylinder or a vacuum feed through 
(not shown). A bellows 124 permits this vertical mo- 
tion to occur while maintaining a vacuum-tight inter- 
face to the interior of the module 102. This vertical 
motion causes the backside of the wafer resting on 
. pins 50 to make contact with the powered electrode 
118, and at this point the sliding pin supports 130 
which are attached to the underside of the tapered 
pins 50 retract slightly against a leaf spring 132. 
(Other elastic elements could be used in place of leaf 
spring 132, to assure a small amount of give in the pin 
supports 1 30. so that the wafer is not pressed against 
the powered electrode 118 with too much force.) 

The last portion of the upward travel of this as- 
sembly causes the seal 134 to make closure between 
the quartz plate 114 at the top of the chamber 11 2 and 
the quartz plate 116 which surrounds the powered 
electrode 118. Thus, when the seal is made, the inter- 
ior of this process chamber is vacuunrvsealed from 
the interior of the process module 102. 

A helium bleed port 134 is provided to connect a 
helium supply to the back of the wafer. This helium 
space means that the space between the low points 
of the powered electrode 118 and the wafer will be fil- 
led with helium, rather than vacuum, and this assure 
a reasonably low-thermal-resistance and highly re- 
peatable thermal contact between the wafer and the 
powered electrode 118. Powered electrode 118 pre- 
ferably includes coolant manifold spaces 136. to 
which coolant can be supplied. 



In an alternative embodiment of the present in- 
vention, the tapered pins 50 are not mounted on slid- 
ing pin supports 130 supported by elastic elements 
132, but are fbced. Since the helium bleed 134 as- 

5 sures good thermal contact between the back side of 
the wafer and the surface of the powered electrode 
1 1 8, a tolerance of several thousandths of an inch will 
sti II permit good rf coupling of the electrode 1 1 8 to the 
wafer, and still permit good thermal contact between 

10 the electrode 118 and the wafer. A tolerance of this 
magnitude should provide enough allowance for ther- 
mal expansions of chamber walls, variation in seal 
thickness, variation in wafer thickness, etc.. to still 
permit reliable sealing of the lower chamber portion to 

15 the upper portion. Note that, in this embodiment, the 
quartz faces 114 and 116 would preferably be shaped 
slightly differently, to minimize the lateral spread of 
the plasma adjacent to thefaceof the wafer. However, 
the presently preferred embodiment does use sliding 

20 pin supports 1 30. since they permit the quartz piece 
114 to confine the plasma closely near the face of the 
wafer 48 as shown in Figure 7. ^ 
Figure 7 shows the upper portion of the process 
station of Figure 6, in the closed position, with a wafer 

25 48 held therein for processing. After the reactor has 
been closed, the helium bleed can be started through 
port 134. At the same time, desired process gasses 
can be provided through a process gas distributor 
120. 

30 In the presently preferred embodiment, the proc- 
ess gas distributor 120 Is made of quartz, so that it 
does not pick up eddy currents from the rf power 
present. Moreover, since the surface of the quartz is 
highly insulating, the plasma boundary near the 

35 quartz will not have as much voltage nor as much cur- 
rent across it as the plasma boundary near a ground- 
ed conductive element would. This means that plas- 
ma-assisted reactions near the quartz will not occur 
at as high a rate as they would near a grounded con- 

40 ductive element, so that deposition is reduced. 

It should also be noted that quartz is a fairly good 
thenmal insulator, and the temperature of the suscep- 
tor may therefore be raised (by radiation from the 
plasma) to 100 or 200 degrees C. This is advanta- 

45 geous, since raising the temperature of the distributor 
will further reduce deposition on it 

Under the preferred operating conditions 1 .3 to 
13.3 Pa ((10 to 100 microns of pressure), and 400 to 
800 watts of applied power) the generated plasma 

50 will fill the chamber between powered electrode 118 
and ground electrode 110 fairly uniformly. Thus, the 
gas distributor 120 protrudes into the densest part of 
the plasma. The gas distributor 120 is preferably a 
ring, of perhaps one-half the diameter of the wafer be- 

55 ing processed, with hollow supports which lead down 
to gas connections 140 mounted in the base plate 
138. 

Preferably, a quick-connect mounting is provided 
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for the quartz distributor 120, so It can rapidly and 
easily be changed out as desired. 

The gas distributor 120 is. in the presently prefer- 
red embodiment, spaced away from the surface of 
the wafer by about four centimeters. This spacing, 5 
and the exact shape of the gas distributor 120, and 
the spacing of the ports 122 on the gas distributor, are 
none of them critical. These parameters can be 
changed if desired, but, if modified, they should be 
selected so that diffusion of process gasses and io 
process gas products from the ports 122 in the gas 
distributor 120 provides: 1) diffusion-dominated 
transport of the process gasses and process gas 
products to the plasma boundary at the face of the 
wafer 48: and 2) a fairly uniform concentration of is 
process gasses and process gas products at the plas- 
ma boundary next to the face of wafer 48. For exam- 
ple, the spacing of the distributor away from the wafer 
face could be anywhere in the range from one to fif- 
teen cm. 2^ 

Under these low pressure conditions, and given 
the high area ratio between the area of electrode 118 
in contact with the plasma (which, in this embodiment, 
is essentially the same as the area of wafer 48). and 
the grounded electrode area (which in this embodi- 25 
ment is essentially the area of ground electrode 110. 
plus the interior area of chamber walls 11 2 and the ex- 
posed upper area of base plate 138), a high density 
of plasma bombardment will occur at the face of wafer 
48. As is well-known to those skilled in the art, this ion 30 
bombardment assists in achieving desirable anisotro- 
py effects during etching. 

The ground plane electrode 110 Is preferably 
cooled, using coolant lines 150 connected to manifold 
cavities inside the electrode 11 0. If additional cooling 35 
Is needed, the walls 112 may also be cooled. 

Note that lines 1 50 are preferably flexible hoses, 
to accommodate the vertical travel of the whole lower 
etching chamber (110. 112. 138. 120. 114) as descri- 
bed above. The gas supply tube 1 50, which supplies 40 
process gasses through connection 140 to the gas 
distributor 120, is preferably also flexible for the same 
reason. If flexure of these hoses is found to generate 
excess particulates, a gas feed outside the bellows 
1 24, through the side of the base plate 1 38, could be 4S 
used instead. 

Figure 8 shows a plan view of the reactor of Fig- 
ure 6. The shape of the gas distributor 120 can be 
seen more clearly In this plan view. It can also be seen 
that the base plate 138 includes substantial spaces so 
around the edge of the ground electrode 110, which 
provide a passage from the gas feed ports 122 to a 
vacuum pump below. 

The overall gas flow in this reactor is downward, 
away from the face of the wafer, which assists in re- 55 
ducing particulates. 

After the desired etching operation has finished, 
gas supply through gas distributor 120 is cut off, and 



the process statton 104 is pumped down to the same 
pressure as the rest of the process module 1 .33 mPa 
(10-6 Torr or less). A holding time may then be inter- 
posed, for thermal stabilization of the process station 
orforrelease of possible suspended particulates, and 
then the process station 104 is opened and the trans- 
fer arm assembly 106 operates as before to remove 
the wafer from it 



Claims 

1 . A vacuum load lock comprising a vacuum chanv 
ber (12) and an extensible transfer arm (28), said 
transfer anm containing support elements (50) 
such that a wafer of a predetermined diameter 
can be supported by said transfer arm with edge 
contact only, characterized in that said chamber 
has a vacuum sealable lid (20). there being space 
within said vacuum chamber where a wafer car- 
rier (1 0) having a door (14) and containing wafers 
of said predetermined diameter can be placed, in 
that a means for opening and closing said door of 
said wafer carrier while said vacuum chamber Is 
under vacuum is provided, and in that said trans- 
fer arm is elevatable. 

2. A vacuum load lock as claimed in claim 1 wherein 
said transfer arm comprises along the periphery 
thereof a plurality of pins having conically tapered 
upper portions (52) and spaced to support a wa- 
fer of said predetermined diameter. 

3. Avacuum load lock as claimed in claim 1 or claim 
2 and further comprising an openable vacuum 
tight port (30) In the side of said vacuum load lock, 
positioned so that said transfer arm can be ex- 
tended throuyh said openable port whilst carry- 
ing a wafer. 

4. Avacuum load lock as claimed in claim 1, claim 
2 or claim 3 and wherein said transfer arm in saW 
vacuum load lock has only 2 degrees of freedom. 

5. Avacuum load lock as claimed in any preceding 
claim wherein saki vacuum load lock is connect- 
ed near the bottom surface thereof to a vacuum 
exhaust manifold (36) which is connected to a va- 
cuum pump (38). 

6. Avacuum load lock as claimed in claim 5 wherein 
said transfer arm is powered by motors (32,34) lo- 
cated inside said exhaust manifold. 

7. The vacuum load lock of claim 5 or claim 6 where- 
in said transfer arm is connected to an elevator 
stage (42) inside said exhaust manifold, and ex- 
tension of said transfer anm is controlled by a mo- 
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tor (34) which is also mounted on said elevator 
stage inside said exhaust manifold. 

8. A vacuum load lock as claimed in any preceding 
claim and wherein said transfer arm is pivotably s 
mounted to a transfer arm support (44), said 
transfer arm support is pivotably mounted to a 
tubular support (46), said transfer arm and said 
arm support having approximately equal centre 

to centre distances, and wherein said pivotable io 
joint between said transfer arm and said transfer 
arm support is mechanically connected to pro- 
vide differential rotation at twice the rate of dif- 
ferential rotation of said transfer arm support with 
respect to said tubular support. is 

9. A vacuum load lock as claimed in any preceding 
claim further comprising pressure sensors (82) 
connected to the interior of said load lock. 

20 

10. A vacuum load lock as claimed in any preceding 
claim and further comprising particulate sensors 
connected to the interior of said load lock. 

11. A vacuum load lock as claimed in any preceding 25 
daim and wherein said transfer arm is elevatable 

to below the height of the door (14) of said wafer 
carrier, whereby said door can be opened with 
clearance above said transfer arm. 

30 

12. A vacuum load lock as claimed in any preceding 
daim and further comprising a wafer carrier 
shaped to fit into said space inside said chamber, 
wherein said wafer carrier Is adapted to support 
wafers face down therein using line contact and 35 
not using substantial area contact 



13. An integrated circuit processing station induding 
a vacuum load lock as daimed in daim 3 or in any 

of dalms 4 to 12 in that they depend from daim 40 
3 and further induding a wafer stage in proximity 
to said port on the outside of said load lock chanv 
ber, said wafer stage comprising a wafer support 
(104) positioned so that said transfer arm from 
said load lock can place a wafer on said wafer 45 
support and lower and retract to leave said wafer 
on said wafer support. 

14. An integrated circuit processing station as 
daimed In daim 1 3 wherein said wafer stage pro- so 
vides line contact and not substantial area con- 
tact to the lower surface of a wafer place thereon. 

15. A method of fabricating integrated circuits, com- 
prising the steps of: S5 

a) providing a plurality of wafere in a wafer 
carrier box; said wafer carrier box having a va- 
cuum sealable door; 



b) placing said wafer carrier box Into a vacuum 
load lock attached to a process station, said 
load lock having a vacuum sealable lid; 

c) dosing said lid and pumping down said va- 
cuum load lock to a pressure less than 13.3 
mPa (0.1 milliTon-); 

d) opening said door of said wafer carrier and 
extending a transfer arm into said wafer car- 
rier, to remove a selected one of said wafere 
therefrom; 

e) transferring wafers in a desired sequence 
from said wafer carrier to said process station 
and back by extending said transfer arm 
through a port between said load lock and 
said process station, and 

f) closing said door of said wafer carrier, dos- 
ing said port in said adjacent processing 
chamber, and raising the pressure of said load 
lock to approximately atmospheric, so that 
said wafers remain in a vacuum insWe said 
wafer carrier and said door of said wafer car- 
rier is held dosed by differential pressure; and 

g) removing said wafer carrier from said va- 
cuurn load lock. 

1 6. The method of daim 15. wherein said wafer car- 
rier supports said wafers with line contact and not 
by contact with any substantial area of the lower 
surface of said wafere. 

17. The method of daim 15 or 16, wherein the lid of 
said vacuum load lock further comprises a gas 
manifold therein, and wherein filtered gas is sup- 
plied to said manifold to blow off particulates 
from the exterior of said wafer carrier after said 
carrier has been placed in said load lock. 



Patentanspruche 

1 . Vakuum-Ladeschleuse mit einer Vakuumkammer 
(12) und einem ausfahrbaren Transportarm (28), 
der Tragerelemente (50) enthalt, so daB eine 
Halbleiterscheibe von einem vorbestimmten 
Durchmesser von dem Transportarm nur mit 
Randberuhrung gehalten warden kann, dadurch 
gekennzeichnel, daft die Kammer einen vakuum- 
dlcht verschlieBbaren Deckel (20) aufweist, wo- 
bei innerhalb der Vakuumkammer Platz ist. urn 
einen Halbleiterscheibentrager (10) unterzubrin- 
gen, der eine TOr (14) aufweist und Halblelter- 
scheiben von dem vorbestimmten Durchmesser 
enthalt, daB ein MIttel zum Sffnen und SchlieBen 
der Tur des Halbleiterscheibentragers bei unter 
Vakuum stehender Vakuurhkammer vorgesehen 
ist und daB der Transportarm hebbar ist. 

2. Vakuum-Ladeschleuse nach Anspruch 1 , bei der 
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der Transportarm entlang seines Umfangs eine 
Mehrzahl von Stiften aufweist, die konisch ver- 
jQngte obere Abschnitte (52) besitzen und mit 
Zwischenraum angeordnetsind, um eine Haiblei- 
terscheibe von den) vorbestimmten Durchmes- 
serzu halten. 

3. Vakuum-Ladeschleuse nach Anspruch 1 Oder 2, 
die ferner eine vakuumdichte freigebbare Off- 
nung (30) in der Seite der Vakuunn-Ladeschleuse 
enthalt, die so angeordnet ist, daQ» der Transport- 
arm durch die frelgegebene Offnung hindurch 
ausgefahren werden kann, wahrend ereine Halb- 
leiterscheibe trSgt. 

4. Vakuum-Ladeschleuse nach Anspruch 1, 2 oder 
3, bei der der Transportarm in der VakuupD-Lade- 
schleuse nur 2 Freiheitsgrade besitzt. 

5. Vakuum-Ladeschleuse nach einem der vorher- 
gehenden Anspruche, wobei die VakuunvLade- 
schleuse nahe Ihrer Bodenflache mit einem Ab- 
zugsverteiler (36) verbunden ist, dermit einer Va- 
kuumpumpe (38) in Verbindung steht. 

6. Vakuum-Ladeschleuse nach Anspruch 5, bei der 
der Transportarm durch Motoren (32, 34) angetri- 
eben Ist, die innerhalb des Abzugsverteilers an- 
geordnet sind. 

7. Vakuum-Ladeschleuse nach Anspruch 5 Oder 6, 
bei der der Transportanm mit einer Hebeplattform 
(42) innerhalb des Abzugsverteilers verbunden 
und das Ausfahren des Transportarms durch ei- 
nen Motor (34) gesteuert ist, der ebenfalt auf der 
Hebeplattform innerhalb des Abzugsverteilers 
angebracht ist 

8. Vakuum-Ladeschleuse nach einem der vorher- 
gehenden Anspruche, bei der der Transportarm 
schwenkbar an einem Transportarmtrager (44) 
angebracht ist, der schwenkbar an einem rShren- 
formigen Trager (46) angebracht ist, wobei der 
Transportarm und der Armtrager annahernd glei- 
che Mitte-Mitte-Abstande aufweisen, und bei 
dem das Drehgelenk zwischen dem Transport- 
arm und dem Transportarmtrager mechanisch 
verbunden ist, um eine Differenzdrehung des 
Transportarmtragers bei doppelter Differenz- 
drehgeschwlndigkeit bezuglich des rohrenformi- 
gen TrSgers zu bewirken. 

9. Vakuum-Ladeschleuse nach einem der vorher- 
gehenden Anspruche, die ferner Drucksensoren 
(62) enthalt, die mit dem Inneren der Ladeschieu- 
se verbunden sind. 

10. Vakuum-l-adesch!euse nach einem der vorher- 



gehenden Anspruche, die ferner Parti kelsenso- 
ren enthalt. die mit dem Inneren der Ladeschleu- 
se verbunden sind. 

5 11, Vakuum-Ladeschleuse nach einem der vorher- 
gehenden Anspruche, bei der der Transportarm 
bis unter die Hohe der Tur (14) des Halbleiter- 
scheibentragers anhebbar ist, wodurch die Tur 
mit Spiel uber dem Transportarm geoffnet wer- 

10 den kann. 

12. Vakuum-Ladeschleuse nach einem der vorher- 
gehenden Anspruche, die ferner einen Halbleiter- 
scheibentriger enthalt, der so geformt ist, dad er 

IS in den Raum innerhalb der Kammer einsetzbar 
ist, wobei der Halblelterscheibentragerdafuraus- 
gelegt ist, darin Halbleiterscheiben mit nach un- 
ten weisender Seite unter Ausubung einer Linien- 
beruhrung und ohne die Ausubung einer wesent- 
20 lichen Rachenberuhrung zu halten. 

13. Station zur Behandlung integrierter Schaltungen 
mit einer Vakuum-Ladeschleuse nach Anspruch 
3 Oder einem der Anspruche 4 bis 12, soweit die- 

25 se von dem Anspruch 3 abhangig sind, die ferner 
eine Halbleiterscheibenplattform in der Nahe der 
Offnung auf der AuBenseite der Ladeschleusen- 
kammer enthalt, wobei die Halbleiterscheiben- 
plattform einen Halb!eilerscheibentr§ger (104) 
30 enthalt, der so angeordnet ist, da& der Transport- 
arm von der Ladeschleuse eine Halbleiterschel- 
be auf dem Halbfeiterscheibentrager anordnen 
und abgesenkt sowie zuruckgezogen werden 
kann, um die Halbleiterscheibe auf dem Halblei- 
35 terscheibentrager zuruckzulassen. 

14. Station zur Behandlung integrierter Schaltungen 
nach Anspruch 13, bei der die Halbleiterschei- 
benplattform eine LInienberuhrung und keine 

40 wesentiiche Rachenberuhrung mit der unteren 
FIdche einer darauf angeordneten Halbleiter- 
scheibe bewirkt 

15. Verfahren zur Herstellung integrierter Schaltun- 
45 gen, das die folgenden Schritte enthalt: 

a) Bereitstellen einer Mehrzahl von Halblei- 
terscheiben in einem Halbleiterscheibentra- 
gerbehalten wobei der Halbleiterscheibentra- 
gerbehalter eine vakuumdicht verschlie&bare 

50 Tur aufweist; 

b) Anordnen des Halbleiterscheibentragerbe- 
.halters in einer Vakuum-Ladeschleuse. die an 
einer Behandlungsstation angebracht ist, wo- 
bei die Ladeschleuse einen vakuumdicht ver- 

55 schlieBbaren Deckel aufweist; 

c) Schllellen des Deckels und Abpumpen der 
Vakuunf)-Ladeschleuse bis zu einem Druck 
von wenigerals 13,3 mPa (0,1 Millltorr); 
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d) Offnen der Tur des Halblelterschelbentri- 
gers und Ausfahren eines Transportarmes In 
den Halbleiterscheibentrager, umdaraus eine 
ausgewahlte Halbleiterscheibe zu enlfernen; 

e) Transportieren von Halbleilerschelben in s 
einer gewunschten Folge von dem Halbleiter- 
scheibentrager zu der Behandlungsstation 

und zuruck durch Ausfahren des Transportar- 
mes durch eine Offhung zwischen der Lade- 
schleuse und der Behandlungsstation, und io 
0 Schlle&en der Tur des Halbleiterschelben- 
trSgers, VerschlleSen der Offnung In der be- 
nachbarten Behandlungskammer und Anhe- 
ben des Druckes der Ladeschleuse 
annnahernd bis auf den atmospharischen is 
Druck, so dad die Halbleiterscheiben in einem 
Vakuum innerhaibdes Malbleiterscheibentra- 
gers verbleiben und die TQr des Halbleiter- 
scheibentragers durch einen Differenzdruck 
geschlossen gehalten wird; und 20 
g) Entfernen des Halbleiterschelbentr§gers 
von der Vakuum-Ladeschleuse. 

16. Verfahren nach Anspruch 15, be! dem der Halb- 
leiterscheibentrager die Halbleiterscheiben mit 25 
Linienberuhrung und nicht durch eine Beruhrung 

mit irgendelnem wesentlichen Flachenbereich 
der unteren FIdche der Halbleiterscheiben tragt. 

17. Verfahren nach Anspruch 15 oder 16, bei dem 30 
der Deckel der Vakuum-Ladeschleuse ferner ei- 
nen darin vorgesehenen Gasverteiler enthalt und 

bei dem dem Verteller gefiltertes Gas zugef uhrt 
wird, um Partikel von der AuRenfl§che des Halb- 
leiterscheibentragers abzublasen, nachdem der 35 
Trager in der Ladeschleuse angeordnet wurde. 

Revendlcatlons 

40 

1. Dispositif de blocage d'une charge ^ depression 
comprenant une chambre d vide (12) et un bras 
de transfert extensible (28), ledit bras de transfert 
comprenant des elements de support (50) de tel- 
le sorte qu'une plaque formant rohdelle d'un dia- 45 
metre pr6d6temnin6 puisse etresupport6e par le- 
dit bras de transfert uniquement par des contacts 
par bord, caracterlse en ce que iadite chambre 
comporte un couvercle susceptible d'etre herm^- 
tique au vide (20), un espace d I'int6rieur de Iadite so 
chambre d vide 6tant pr6vu k I'interieur duquel 
peut etre plac6 un support de plaque (10) muni 
d*une porte (14) et contenant les plaques dudit 
diametre predetermine, en ce qu'il comporte un 
moyen d'ouverture et de fermeture de Iadite por- 55 
te dudit support de plaque lorsque Iadite chambre 
k vide est sous vide, et en ce que ledit bras de 
transfert peut etre eieve. 



2. Dispositif de blocage d'une charge e depression 
selon la revendicatlon 1 dans lequel ledit bras de 
transfert comporte le long de sa peripherie une 
plurallte de broches ayant des portions superieu- 
res coniques (52) et espacees pour supporter 
une plaque dudit diametre predetemfiine. 

3. Dispositif de blocage d'une charge e depression 
selon Tune des revendicattons 1 et 2 comprenant 
de plus un orifice (30) etanche au vide et pouvant 
etre ouvert, dans la parol dudit dispositif de blo- 
cage d'une charge e depression, positionne de 
telle sorte que ledit bras de transfert puisse etre 
etendu e rinterieur dudit orifice pouvant etre ou- 
vert iorsqu'une plaque est supportee. 

4. Dispositif de blocage d'une charge e depression 
selon Tune quelconque des revendications 1^3 
dans lequei ledit bras de transfert dans ledit dis- 
positif de blocage d'une charge e depression 
comporte seulement deux degres de liberie. 

5. Dispositif de blocage d'une charge e depression 
selon I'une quelconque des revendications pr6- 
cedentes dans lequel ledit dispositif de blocage 
d'une charge e depression est connecte d proxl- 
mite de sa surface inferieure A un collecteur de 
gaz (36) connecte d une pompe ^ vide (38). 

6. Dispositif de blocage d'une chaipe e depression 
selon la revendicatlon 5 dans lequel ledit bras de 
transfert est actionne au moyen de moteurs 
(32,34) situes e rinterieur dudit collecteur de gaz. 

7. Dispositif de blocage d'une charge e depression 
selon I'une des revendications 5 et6 dans lequel 
ledit bras de transfert est connecte e un etage 
eievateur (42) dispose dans ledit collecteur de 
gaz, une extension dudit bras de transfert 6tant 
commandee par un moteur (34) egalement dispo- 
se sur ledit etage eievateur dans ledit collecteur 
de gaz. 

8. Dispositif de blocage d'une charge e depression 
selon I'une quelconque des revendications pre- 
cedentes dans ledit bras de transfert est monte 
de fagon e pouvoir pivoter sur un support de bras 
de transfert (44), ledit support de bras de trans- 
fert etant monte de fagon d pouvoir pivoter sur un 
support tubulaire (46), ledit bras de transfert et le- 
dit support de bras ayant des distances centre k 
centre sensiblement egales. et dans lequel Iadite 
jonction permettant audit bras de transfert et au- 
dit support de bras de transfert de pivoter forme 
une connection mecaniquement de fagon k four- 
nir une rotation differentielle e une vitesse de ro- 
tation double de celle du support de bras de 
transfert par rapport audit support tubulaire. 
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9. Dispositif de blocage d'une charge d depression 
selon Tune quelconque des revendications pr6- 
c6dentes comprenant de plus des capteurs de 
presslon (62) connect6s k I'int6rieur dudit dispo- 
sitif de blocage d'une charge. s 

10. Dispositif de blocage d'une charge k depression 
selon Tune quelconque des revendications pr6- 
c6dentes comprenant de plus des capteurs par- 
ticuliers connect6s d I'int6rieur dudit dispositif de io 
blocage d'une charge. 

11. Dispositif de blocage d'une charge k depression 
selon Tune quelconque des revendications pr6- 
c6dentes dans lequel ledit bras de transfert peut is 
6tre 6lev6 jusqu'^ une hauteur inf6rieure k celle 

de la porta (14) dudit support de plaque, ladite 
porte pouvant ainsi 6tre ouverte avec un espace 
interm6diaire au dessus du bras de transfert. 

20 

12. Dispositif de blocage d'une charge k depression 
selon Tune quelconque des revendications pre- 
c6dentes comprenant de plus un support de pla- 
que configure pours'adapter a IMnterieur dudit es- 
pace dans ladite chambre, dans lequel ledit sup- 25 
port de plaque est adapte pour supporter les pla- 
ques qui leur font face en utilisant des contacts 
lineaires et sensiblement non surfaciques. 

13. Station de traitement pour circuit int6gre compor- 30 
tant un dispositif de blocage de charge k depres- 
sion selon la revendication 3 ou selon Tune quel- 
conque des revendications 4 e 1 2 rattachees e la 
revendication 3 et comportant de plus un etage 

de plaques k proximite dudit orifice sur la paroi 35 
externa de ladite chambre du dispositif de bloca- 
ge d'une charge, ledit 6tage de plaques compre- 
nant un support de plaque (104) dispose de telle 
sorte que ledit bras de transfert dudit dispositif de 
blocage d'une charge peut positionner une pla- 40 
que sur ledit support de plaque, s'abaisser et se 
retracter pour laisser ladite plaque sur ledit sup- 
port de plaque. 

14. Station de traitement pour circuit integre selon la 45 
revendication 13 dans laqueile ledit etage de pla- 
ques fournit un contact lin6aire et sensiblement 

non surfacique avec la surface inferieure de la 
plaque qui est disposee dessus. 

50 

1 5. Precede de fabrication de circuit Integre. compre- 
nant les etapes consistent k : 

a) fournir une plural it6 de plaques dans un boT- 
tier de support de plaque ; ledit bottier de sup- 
port de plaque comprenant une porte suscep- 55 
tible d'etre hermetique au vide ; 

b) placer ledit boltier de support de plaque 
dans un dispositif de blocage d'une charge e 

16 



depression relie e une station de traitement. 
ledit dispositif de blocage d'une charge 
comportant un couvercle susceptible d'etre 
henmettque au vide ; 

c) fermer ledit couvercle et abaisser la pres- 
sion dans ledit dispositif de blocage d'une 
charge e depression par pompage jusqu'^ 
une presslon inferieure k 13,3 mPa (0.1 milli- 
Torr); 

d) ouvrir ladite porte dudit support de plaque 
et etendre un bras de transfert dans ledit sup- 
port de plaque af in d'enlever une desdites 
plaque seiectionnee ; 

e) transferer les plaques selon une sequence 
desiree entre ledit support de plaque et la sta- 
tion de traitement en etendant ledit bras de 
transfert k travers un orifice entre ledit dispo- 
sitif de blocage d'une charge et ladite station 
de traitement ; 

f) fermer ladite porte dudit support de plaque, 
fermer ledit orifice dans ladite chambre de 
traitement adjacente, et augmenter la pres- 
slon dans ledit dispositif de blocage d'une 
charge jusqu'e une presslon sensiblement 
egaie k la presslon atmospherique de telle 
sorte que lesdites plaques restent sous vide k 
I'Interieur dudit support de plaque et que ladite 
porte dudit support de plaque solt maintenue 
dans une position fermee par difference de 
presslon ; et 

g) enlever ledit support de plaque dudit dispo- 
sitif de blocage d'une charge k depression. 

16. Precede selon la revendication 15, dans lequel 
ledit support de plaque supporte lesdites plaques 
au moyen d'un contact Iln6aire et sensiblement 
non surfacique avec la surface inferieure desdi- 
tes plaques. 

17. Precede selon I'une des revendications 15 et 16. 
dans lequel le couvercle du dispositif de blocage 
d'une charge k depression comporte de plus un 
collecteur de gaz, et dans lequel du gaz f iltre est 
fourni audit collecteur pour eiiminer des particu- 
les provenant de I'exterieur dudit support de pla- 
que apres que ladite plaque est placee dans ledit 
dispositif de blocage d'une charge. 
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